Aims: The frequency of newly diagnosed thyroid nodules is increasing in South Korea. However, few studies have investigated the incidence of thyroid cancer in patients with thyroid nodules using national data. Therefore, this study was conducted to investigate the incidence of thyroid cancer and medical costs among patients newly diagnosed with thyroid nodules in South Korea.
INTRODUCTION
Recently, the incidence of thyroid cancer has increased rapidly worldwide. According to statistics disclosed in 2013 by the Korea Central Cancer Registry, National Cancer Center, thyroid cancer had the highest incidence rate of 18.9%. In females, the level can reach 30.5%, while in males, it is 7.4%. [1] According to trends in the age-standardized thyroid cancer incidence rates from 1999 to 2013, the annual rate of change is 21.2%, being 23.4% for males and 20.9% for females. [1] This is the highest increase in incidence among all types of cancers. This gradual increasing phenomenon of thyroid cancer has not just occurred in South Korea but has been a global phenomenon over the last 30 years. In Australia, the incidence of thyroid cancer increased by 13.8% for females from 2000 to 2007, while in the United States, the incidence increased by 7% from 1997 to 2009. [2] In Canada, the average annual increase rate is 3.5% for males and 3.2% for females from 1970/72 to 1994/96. [2] In 2012, the age-standardized thyroid cancer incidence rates were 20.0% (ranked fourth) in the United States and 6.5% (ranked ninth) in Japan, while England was not in the top 10 among all types of cancers. [1] Access this article online Website: www.cancerjournal.net DOI: 10.4103/0973-1482.204895
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This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. The rapid increase in thyroid cancer has been attributed to increased occurrence of small papillary cancers. [3] Indeed, it has been confirmed that small papillary cancers with a size of 0-1.0 cm contribute to the total increase of thyroid cancer incidence. [4] In addition, it has been reported that less than half of thyroid cancers and thyroidectomies were diagnosed by screening and chance identification. [5, 6] Thyroid nodules are found in 4%-7% of the general population and 5%-10% of these nodules are diagnosed as malignant. [7] [8] [9] However, few recent studies have investigated the incidence of thyroid cancer among patients with newly diagnosed thyroid nodules using ultrasonography for thyroid cancer screening. Therefore, in this study, we investigated the incidence of thyroid cancer and medical costs among patients with newly diagnosed thyroid nodules in a retrospective cohort using national representative data from Korea.
SUBJECTS AND METHODS

Database
We used a nationwide insurance claim database from 2006 to 2010 provided by the Health Insurance Review and Assessment Service. Korea has a unique national health insurance system that covers the entire population including 97% health insurance and 3% medical aid. [10] This database was established for reimbursement purposes, but it has previously been used for health-related studies. [11] This study was approved by the Institutional Review Board at the National Evidence-based Collaborating Agency.
Inclusion and exclusion criteria for patients
We selected 485,223 patients aged 20-120 years with thyroid nodules codes (D34, E041, and E042), and an index date for each patient was defined by the first diagnosis with thyroid nodule in 2008. New patients were identified after excluding those who were previously reported to have thyroid cancer (C73), other organ cancer (C), or thyroid nodule before the index date. Thyroid nodule was defined based on diagnosis code or operation code (C8591, C8592) of the fine-needle aspiration (FNA) cytology test. Thyroid cancer was defined using the diagnosis code for thyroidectomy (P4551, P4552, P4553, P4554, and P4561), chemotherapy, or radiation therapy. A total of 283,844 patients were selected in 2008 based on our criteria, and we followed them for at least 2 years after diagnosis of thyroid nodule.
Definition of outcome and variables
We summarized the patient demographics, clinical information obtained using the Charlson comorbidity index (CCI), type of medical facility, and department. The CCI score was calculated based on the 19 clinical conditions defined by Charlson and subsequently divided into four different groups based on scores of 0, 1, 2, and ≥3. [12, 13] The medical facilities were categorized into tertiary hospitals, general hospitals, hospitals, and clinics, and the medical departments were classified into four categories, internal medicine, surgery, orthopedics, and others. To investigate the incidence of thyroid nodule per 100,000 Koreans, we applied the Korean population in 2008 as a denominator. [14] Cancer incidence rate was also investigated during follow-up periods.
We also analyzed the incidence rate and time from nodule to cancer incidence, treatment rate of thyroid cancer, and medical costs. The medical costs per patient were calculated based on outpatient treatment and hospitalization fees in response to diagnosis of thyroid nodule before diagnosis with thyroid cancer. We also calculated the medical costs caused by thyroid cancer. Costs included direct medical costs such as hospital admissions, outpatient visits, emergency room visits, medications, and surgical operations. It consisted of reimbursement by the national health insurance and legal out-of-pocket expenses from the patient, in which extreme costs of more than 1% were excluded because they were considered outliers that lead to bias in cost estimation.
Statistical analysis
Frequencies and percentages are presented for gender, age, type of medical facility, and medical department. The thyroid cancer incidence rates among patients with thyroid nodules were calculated. All data manipulation and statistical analyses were conducted using SAS 9.1.3 (SAS Institute, Cary, NC, USA).
RESULTS
Characteristics of patients with thyroid nodule
The characteristics of 283,844 patients, including gender, age, and type of medical facility and medical department of the sample population, are shown in Table 1 . The frequency of thyroid nodule patients was four times higher in females than in males (female 82.58%, male 17.42%). The mean age (standard deviation) was 48 years (13.2), with the highest proportion being 30-49. Clinics had the highest frequency, followed by general hospitals. The internal department showed the highest frequency among medical departments [ Table 1 ].
Incidence rate of new thyroid nodules
There were 283,844 patients with thyroid nodule first diagnosed in 2008, which was estimated to be a new occurrence rate of 775/100,000 patients based on the estimated population provided by the Korean Statistics Office [ Figure 1 ].
Incidence rate and treatment pattern of thyroid cancer from new thyroid nodule Among 283,844 patients, 21,538 (7.6%) were diagnosed with thyroid cancer in 2008-2010. Within 1 year of detection of a new thyroid nodule, 18,849 (6.6%) patients were diagnosed with thyroid cancer [ Table 2 ]. Furthermore, 92% of patients with thyroid cancer underwent thyroidectomy, 6.5% were not treated, and 1.5% underwent chemotherapy [ Figure 2 ].
Medical costs of thyroid nodule and thyroid cancer
Medical cost analysis was based on 21,267 cases after exclusion of the upper 1% in the cost distribution. The average annual medical costs were 1,366,577 KRW per patient with thyroid nodule before the diagnosis of thyroid cancer. This cost increased to 3,996,371 KRW per patient after diagnosis with thyroid cancer, which meant that medical costs were 2.9 times higher after the diagnosis [ Figure 3 ].
DISCUSSION
This is the first study to compare the incidence of thyroid nodules and thyroid cancer and medical costs among patients with newly diagnosed thyroid nodules using nationwide insurance claim data from 2006 to 2010 in Korea. In our study, 775/100,000 (0.8%) adults were identified as having thyroid nodules, and they spent an average of KW 1,366,577 on treatment per year. Thyroid nodules are very common in adults, with about 19%-68% of all adults having at least one thyroid nodule. [15, 16] Accordingly, screening of the entire population by ultrasonography would be a waste of money, especially for countries with nationwide insurance such as South Korea. This is because there is insufficient evidence to determine if ultrasonographic screening to detect thyroid nodule is effective or not at reducing the morbidity or mortality associated with thyroid cancer. [17] Furthermore, detection of thyroid nodules may increase anxiety and costs even though there is little possibility of cancer development. Indeed, it has been suggested that use of ultrasonography to detect thyroid nodules be suspended until a thorough cost/benefit analysis is conducted. [18] Various investigations of the natural history of thyroid nodules are needed to avoid the unnecessary anxiety associated with their discovery and define their correlation with the risk of mortality due to thyroid cancer.
Based on demographics, the percentage of gender and mean age of patients with thyroid nodules in this study were similar with those of several previous studies that showed higher rates in women (80%) than men and a mean patient age of about 50 years. [19] [20] [21] In general, 5%-15% of nodules are diagnosed as malignant in the general population; [3, 7, 9, 21, 22] therefore, the rate of 7.6% observed in this study is reasonable. Some small studies have reported various malignant rates of thyroid nodule in hospital settings. For example, the malignant rate was 42.7% among 1310 nodules (1254 patients) of asymptomatic patients in one South Korean hospital [23] and 1.7% among 700 nodules in another South Korean study. [24] Moreover, these rates were 17.8% patients among ninety patients in Iran, [25] and 26.4% in a core needle biopsy group and 24.7% in a diagnostic surgery group in Italy. [26] These studies were relatively higher incidence rates of thyroid cancer. These discrepancies may have been due to differences in populations and settings. In small studies, most patients likely visited hospitals and clinics because of symptoms and self-detection of nodules.
It has been debated whether papillary carcinoma with a size of <0.5 cm should be treated because it has a good prognosis and low mortality rate. Recent guidelines have stated that it should not be subjected to FNA to prevent unnecessary operation. [23] [24] [25] Although this study was limited in that we did not know the size and severity of thyroid cancer, 92% of patients with thyroid cancer underwent thyroidectomy and 3,996,371 KRW per patient was paid by thyroid cancer patients after being diagnosed with thyroid nodules. Conversely, the proportion of individuals undergoing thyroidectomy to treat thyroid cancer was 10.4% at the end of 2012, and they paid $416 million in 2006 in the United States. [6, 27] However, it is not clear how much benefit is provided by surgical intervention for low-risk thyroid cancers because thyroidectomy may cause surgery-related complication, such as hypoparathyroidism (or hypocalcemia), injury to the recurrent laryngeal nerve, and bleeding. [3, 28, 29] This study provides the first results of the incidence rate of thyroid cancer from new thyroid nodules based on a nationwide database. The most important limitation of this study was that the size and number of thyroid nodules and the risk of thyroid cancer were not determined based on the nationwide insurance claim database but was instead based on secondary data. Moreover, it is important to note that no size information was available when interpreting the results because large thyroid nodules may affect the prevalence and posttest probability of malignancy. [30] 
CONCLUSIONS
The incidence of thyroid cancer was still high, and the amount of medical costs associated with it cannot be overlooked. Therefore, follow-up studies investigating the incidence and natural history of thyroid nodules in Korea are needed. Moreover, further study is needed to identify the population at risk of having high mortality due to thyroid cancer among patients with thyroid nodules to enable more effective screening. 
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